The power of interactive teaching by Costa, Manuel João & Rangachari, P. K.
Discussion Forum
The Power of Interactive Teaching
Received for publication, December 10, 2008, and in revised form, January 4, 2009
Manuel Joao Costa‡¶ and P. K. Rangachari§
From the ‡Life and Health Sciences Research Institute, School of Health Sciences, University of Minho, Gualtar
Campus, Braga 4710-057, Portugal, §Department of Medicine, Bachelor of Health Sciences (HONS) Programme,
McMaster University, Hamilton, Ontario, Canada
The teaching of the Molecular Life Sciences in most
Universities still remains teacher-centered [1–3]. Instruc-
tors impart knowledge (terms, facts, concepts) in a
didactic fashion and then complement these with ‘‘labo-
ratories’’ or exercises to provide practice opportunities
and develop skills. In such environments, students play
predominantly passive roles [3, 4]. However, results
from science education research show that by getting
their students actively engaged, they may do more for
student learning [5–9]. This suggests that, even though
replacing one’s way of teaching is not easy, faculty
members should move progressively toward the appli-
cation of interactive educational approaches in their
classrooms.
Changing one’s approach to teaching requires a care-
ful consideration of different methods. Currently there are
many choices (see [10] for examples) and these keep
expanding as newer methodologies are being developed.
Even a cursory search by the interested teacher using
the search term ‘‘based learning’’ in Google, would yield
over 7 million items! In fact, many different formats have
been named and described ranging from problem-based
learning, project-based learning, peer led team learning,
process oriented guided inquiry learning, inquiry-based
learning, case-based learning, team-based learning, stu-
dent-centered learning, active learning, cooperative
learning to peer instruction, scientific teaching, and so
forth. Each method has its own strong advocates of the
virtues of their particular approach despite the blurred
boundaries between any two particular methods. Taking
Biochemistry and Molecular Biology for example, the
July/August 2008 issue of BAMBED advances two meth-
odological suggestions, other than the widely accepted
‘‘Problem-Based Learning’’ (the long time method alter-
native to traditional teaching) [11].
Choosing a method has become a problem in itself.
Indeed, the issues associated with the implementation of
‘‘pure’’ methods, however modern or well studied they
may be, are often far from trivial. Knowing ‘‘which will
work’’ is difficult since little if any reliable empirical evi-
dence is available for most. Providing an extensive list
may in fact have the opposite impact on teachers’ will-
ingness to change, by creating more insecurity and thus
inducing greater resistance to the idea of leaving the
lectern.
In this discussion forum, we argue that, rather than
focus excessively on choosing ONE particular method,
faculty members should be concerned with providing
more opportunities for interactive teaching and never to
ignore the specific context in which they teach. For
operational reasons, we will assume that an effective
educational method is one that: 1) Motivates and inspires
students; 2) Achieves cognitive engagement from the
students; 3) Enhances student learning.
The empirical evidence that supports of interactive
teaching approaches exists and is gradually expanding.
However, finding the relevant literature requires trans-
gressing disciplinary boundaries. Educational research on
instruction at the college level is mostly performed at the
disciplinary level. Unfortunately, Molecular Life Science
educators generally are not aware of the substantial
body of literature in other disciplines, namely medical,
engineering, or physics education.
The most compelling evidence on the power of inter-
activity in teaching comes from the community of
Physics Education Research [7]. Results come out of the
application of concept inventories—The Force Concept
Inventory and the Mechanics Baseline Test [12, 13]—to
assess improvements in student conceptual understand-
ing with different instructional approaches. A meta-analy-
sis of results gathered in a plethora of high school, col-
lege and university classrooms, totaling 62 introductory
physics courses and 6,542 students, with a multitude of
teaching approaches [10], shows that ‘‘What works’’ is
apparently ‘‘interactive engagement’’ approaches which
are described by the author of the study as ‘‘methods as
those designed at least in part to promote conceptual
understanding through interactive engagement of stu-
dents in heads-on (always) and hands-on (usually) activ-
ities which yield immediate feedback through discussion
with peers and/or instructors, all as judged by their litera-
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ture descriptions.’’ Students who were taught through
the methods that qualified as interactively engaging were
consistently stronger taking the same concept test than
students who were instructed in the traditional way. How-
ever, ‘‘consistently stronger’’ does not mean ‘‘universally
stronger, since the study identifies cases of student
learning gains in the lower end that fulfilled the criteria to
be designated interactive engaging. The author refers
that ‘‘various implementation problems are apparent’’ in
the cases such as poor training of teachers, inappropri-
ate exam questions which do not probe conceptual
understanding or the sporadic use of interactive engage-
ment methods.
Crouch and Mazur [14] provide longitudinal evidence
on the effect of a highly interactive teaching approach
designed for large auditoriums–Peer Instruction. The
approach has been applied with large classes in lecture
halls, with positive effects on learning in diverse institu-
tions such as Harvard University and a 2-year college
[15]. The information gleaned from Physics Education
Research, performed by disciplinary experts, is that leav-
ing the lectern is clearly beneficial for student learning,
particularly in conceptually difficult topics and that effec-
tiveness is not the prerogative of a single particular
method [16].
What immediate impacts can one expect from shifting
to interactive teaching? A positive consequence, regard-
less of the contexts is the success with student involve-
ment with class. Consistently, answers to questionnaires
(for example [17, 18]) or reported teacher observations
(for example [17, 19]) lead to the conclusion that interac-
tivity induces more student commitment. However, it is
more difficult to demonstrate changes in learning. Part of
this stems from the fact that interactive teaching fosters
more complex processing of information and these may
not be readily assessed on simpler learning tasks. Mi-
chael [20] has summarized the evidence that active
learning works, but to look for this evidence one needs
to stray beyond conventional domains. In this regard,
Biochemistry and Molecular Biology Education educators
will need to document ‘‘what works’’ in our field: Concept
Inventories under development in Biology [21–23] will
pave the way for Disciplinary experts to obtain the nec-
essary evidence on the effectiveness of any particular
teaching method. The community will benefit greatly
from that evidence.
In the meantime, we provide some tips to those who
want to change but are unsure as to where or how they
would start. Given that most readers of this journal are
likely to be experimental scientists, we will frame our
suggestions in a way that may be familiar to them. All
experiments are ultimately interventionist, where a sys-
tem is perturbed, the outcomes assessed and reflected
upon.
Teachers who wish to institute a change in their teach-
ing practice should look upon their situation in much the
same way as they would approach an experimental one.
They should consider the reasons why they want to pro-
duce a change in their teaching strategies and frame that
as a problem to be solved. They should consider care-
fully the context of their practice and the resources avail-
able (time, support, facilities, etc). They should consider
the methods available in relation to their own problems,
either through consulting the literature, attending educa-
tional meetings or symposia, or discussing the matters
with colleagues. Again these are strategies commonly
used in any experimental situation. They should decide
on measurable outcomes, again such information can be
gleaned from the sources mentioned earlier. They should
institute small, incremental changes rather than invoking
major changes in one fell swoop. Thus a teacher wanting
to promote student engagement in the lecture hall may
find it easier to introduce short and easy methods like
the 1-min paper [24] or other ‘‘active learning’’ strategies
[25]. This would give both the teacher and the students
the initial confidence to make more drastic changes.
Teachers who institute such changes should carefully
document their observations, obtain feedback either from
their students or colleagues, reflect on their practice, and
take appropriate action. It is essential to anticipate stu-
dent resentment on approaches that aim at changing
their learning approaches by explaining in advance what
will and why it will be done. Sitting in classes of col-
leagues, attending educational sessions at professional
Meetings—like those that take place annually at the
ASBMB Meeting—or faculty development sessions like
the ones organized by IUBMB is useful. Rigor should be
put on documenting the impact and the effectiveness of
one’s teaching changes on students. A source of
‘‘Classroom assessment techniques’’ is available [26] and
a very useful website exists for developing personalized
student surveys [27].
Feedback and support from the educational commu-
nity is surprisingly easy to obtain since all colleagues
who have committed themselves to ‘‘change’’ are aware
that solitary endeavors fail often. The rate-limiting step
is normally contacting a peer, which can still be done
electronically. To get involved with a community that
actively reflects on these issues the Professional and
Organizational Development network [28] is a good
choice.
A word of caution on methods. Standard approaches
in an experimental biological situation (like the use of a
control group) are fraught with difficulties when trans-
ferred to educational settings [29]. For example, the
standard model that serves well even in a clinical trial
such as a placebo cannot be applied. What after all will
be a placebo in education—no teaching? If an innovative
educational approach is being tested, the control could
be the standard teaching practice rather than no teach-
ing, much as a standard drug in a clinical trial. It is worth
emphasizing that even in such studies, the assumption
that students do not interact outside the classroom is
naı̈ve. Patients on placebos may not exchange drugs,
but students often in the same classroom or university
may share information. Therefore the true separation
between treatments one envisages is rarely kept, so con-
tamination may be the norm rather than the exception.
Kember’s criticisms are worth keeping in mind and we
suggest that readers take pause and reflect on such
issues [29]. Approaches that involve triangulation across
multi-method evaluations from different sources are pref-
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erable [29, 30]. Readers should read these comments
carefully so that they do not fall into the control trap.
Every teaching/learning method has been developed in
a specific learning environment. Approaches that work
well in one situation may be far from ideal in another.
Therefore, each user should not be looking for the supe-
rior method. Instead teachers should engage in self-
reflection to increase the interactivity according to the
individual needs and priorities, since selection of a spe-
cific approach requires careful consideration of context.
Courses may be taught in different classroom environ-
ments—for example, introductory biochemistry may
enroll 400 motivated students or 20 unmotivated ones,
which will call for different designs of teaching. Courses
can also be staged in institutions with implemented poli-
cies of teaching in small groups or in others that have
been lecture based for 100 years. How a course is set
up, also is tied to the resource availability, such as tech-
nology or teaching assistants. Thus, without careful
thought to context, even the best approaches may fail.
The learning environment may thus defeat best laid
plans. Rather than starting with the question ‘‘what is the
method that works?’’ teachers should be asking ‘‘what
are the goals of my course and what is the context in
which that course is being offered?’’ The final message
is ‘‘stop cloning,’’ context overrides all.
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